Blood can be collected from rats in a number of sampling locations. For instance, the tail vein is a superior location for blood sampling. However, the tail vein is thin so that it is sometimes hard to puncture. In addition, the tail vein has low blood flow and requires a long sampling time to get sufficient blood. The present report describes a simple blood sampling method, the vacuum blood collection method, which is usually used to obtain blood samples from patients, here used for non-anesthetized rats. The 22 G butterfly needle tip was inserted into one of the lateral tail veins approximately 2-3 cm from the tip of the tail at an angle of approximately 20°, and blood was collected in the vacuum collection tube by inserting the rubber end of the butterfly needle into the vacuum blood collection tube. The present experimental results show that the success rate was 95% in the experimental group and 90% in the beginner group. The success rate and puncture times were similar between two groups. The sampling duration was significantly shorter in the experimental group compared to beginner group. In conclusion, this vacuum blood collection method for sequential blood sampling from the tail vein of non-anesthetized rats is feasible and easy-to-learn, which might serve as a reliable alternative to other conventionally used blood sampling techniques for rats.
Introduction
Blood sampling from rats is required for a wide variety of experimental studies. Techniques for blood collection from the rat include puncture of the heart, retro-orbital plexus, jugular vein, saphenous vein, tail blood vessels, carotid artery, abdominal aorta, and vena cava. Most techniques (except saphenous vein and tail blood vessel puncture) require anesthesia 1, 2 . Veins of the rat tail are routinely punctured for blood sampling and vascular injection. After treating the tail with warm water, the blood vessels are well dilated and suitable for manipulation, even when rats are anesthetized 3 .
Despite the development of new and improved techniques to obtain blood samples in small laboratory animals 2 , it is not always easy to obtain enough blood when sampling from small animals. The tail vein of rats is a superior location for blood sampling 4 . However, the tail vein is thin, thus it is sometimes hard to puncture and would take a long time to get enough blood due to its low blood flow. Blood collection via a vacuum extraction tube system is a typical method in daily clinical practice. This closed system for blood collecting reduces the risk of direct exposure to blood and has made it easier to take multiple samples from a single venipuncture 5 . The present report describes a simple tail vein blood sampling method in non-anesthetized rats using the vacuum extraction tube system. This method is easy to master and can be used to obtain a large volume of blood repeatedly in rats. Then, release the rat from the plastic restraining holder and return the rat to its cage. 4. Use tubes that contain EDTA as an anticoagulant to collect blood plasma. Gently invert the tube several times to mix anticoagulant in the blood and place the samples on ice vertically. 5. Centrifuge the blood sample collection tubes in a refrigerated centrifuge at 2,000 x g for 10 min to separate plasma or serum. 6. Extract the plasma/serum, taking care not to disturb the red and white blood cell layers. To collect blood serum, use tubes without anticoagulant. Both types of sample can be used immediately, or stored at -80 °C for up to one year. NOTE: Successful blood collection was defined as obtaining 1.2 mL blood each time. Maximal puncture time was set to three trials, if the total blood volume was lower than 1.2 mL after the third puncture, it was defined as a failed blood collection. The sampling duration starts from the tail vein puncture to the removal of the butterfly needle after blood collection. 7. Collect blood twice within two weeks 7 .
Protocol
1. To test and verify the feasibility of this method, train two medical students (beginners) for 2 h before performing this blood collection protocol. Use twenty rats and draw blood from 10 rats by 2 experienced fellows (experimental group) and from 10 rats by the 2 medical students (beginner group). En-1: serial number of rats in the experimental group for the first blood collection.
Statistical Analysis
En-2: serial number of rats in the experimental group for the second blood collection.
Bn-1: serial number of rats in the beginner group for the first blood collection.
Bn-2: serial number of rats in the beginner group for the second blood collection. One time puncture: Number of rats with successful blood collection after the first puncture Two times puncture:Number of rats with successful blood collection after the second puncture Three times puncture:Number of rats with successful blood collection after the third puncture Failed:Number of rats with failed blood collection after the third puncture 
Discussion
. However, it is not always easy to obtain enough blood volume from the thin and low blood flow tail vein of the rats. The vacuum blood collection system is usually used for collecting blood samples from patients in daily clinical practice. This vacuum blood collection system has been used in patients and research animals for a long time 8, 9, 10 . This system consists of a vacuum blood collection tube with silicone coated inner tube wall and butterfly needle. It was based on the vacuum negative pressure principle and allows the continuous drawing of blood without the risk of blood collecting, which also reduces the chance of contamination and hemolysis 11 . The volume of blood sample in the catheter is about 0.3 mL. After withdrawing the needle from the tail vein, the blood blocked in the catheter will flow into the collecting vacuum tube due to the vacuum. This method is also applicable for collecting blood from rats weighing less than 100 g with the use of a smaller puncture needle.
This blood collection method has several advantages. This procedure only causes minimal injury to rats and blood collection can be performed without the use of anesthetics, thus the influence of the stress response and anesthetics on the blood sample can be avoided. Our observations showed that rats were quiet in the plastic restraining holder during the procedure and there were no deaths during these experiments. Secondly, repeated blood collection every one or two days is possible, which enables frequent sampling of blood with an adequate volume for various research purposes. Finally, this method is easy to learn and was easily mastered by beginners after a short (2 h) learning period, as indicated by the similar success rates and puncture times between the experimental and beginner groups in this report. In a previous report, Lee et al. demonstrated a similar method of sampling blood from the lateral tail vein of the rat 4 . Our method is simpler than that reported by Lee et al. 4 in that we directly insert the puncture needle into the tail vein and the other end of the tube is directly connected to the vacuum tube for collecting the blood, without the use of an extra syringe and manual aspiration of the blood and without the need of 'milking' the vein to facilitate blood flow. Collecting blood with this closed system reduces the chance of blood contamination. Use of the plastic restraining holder also reduces the stress to the rat and facilitates the fixation of the tail.
The following two steps are critical for the successful application of this method. 1) Extend the tail and avoid the movement of the tail; 2) Gently puncture the vein at an angle of 20° to avoid puncture through the vein and keep the puncture needle in the vein.
In conclusion, the adopted vacuum blood collection method in rats is safe, feasible, and easy to practice. This method enables frequent sampling of blood with an adequate blood volume obtained from non-anesthetized rats.
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